Abstract
Introduction
Combination antiretroviral therapy (cART) had deeply changed the natural history of HIVassociated disorders. In recent years, thanks to increasingly effective cART, the landscape of morbidity and mortality has been characterized by a continuous reduction of AIDS-events and AIDS-related death and a relative increase in non-AIDS events and death by non-AIDS events [1] . Liver-related events (LRE) represent a consistent proportion of non-AIDS events, particularly in patients chronically co-infected with hepatitis viruses, and are a relevant cause of death, particularly in HIV-infected populations with high prevalence rates of HCV [2] .
LRE are generated by a chronic hepatic necro-inflammatory damage and its repair, which causes multi-stage progressive fibrosis, leads to cirrhosis and its complications and to hepatocellular carcinoma (HCC). The main underlying causes are HBV or HCV co-infections, alcohol abuse and metabolic disorders with liver involvement. The stage of liver fibrosis can be determined by biopsy or by non-invasive methods, such as transient elastography or measurement of serum markers [3] . The FIB-4 index is one of these non-invasive serum fibrosis markers, which is determined using commonly available parameters such as transaminase levels, platelet counts and age. FIB-4 was initially developed and validated as a predictor of advanced fibrosis in HIV/HCV coinfected patients [4] . Later, It has been validated in HCV monoinfected individuals where it represents a valid predictor of histologic liver fibrosis stage [5] and subsequent LRE and liver-related death (LRD) [6, 7] , in some cases with better prognostic value than liver biopsy [8] , although results are not consistent throughout studies [9] .
In HIV/HCV co-infected patients, FIB-4 correlates with liver stiffness as measured by transient elastography and with liver fibrosis score determined by biopsy [10, 11] . Moreover, in HIV/HCV co-infected women FIB-4 predicts all-cause mortality [12] and in HIV-infected individuals, this fibrosis index predicts HCC, independently of HCV co-infection [13] . Recently, in HIV/HCV co-infected individuals FIB-4 has also been shown to be an independent predictor of hepatic decompensation [14] as well as to more accurately predict LRE and overall death as compared to liver biopsy [15] .
The World Health Organization issued guidelines proposing the systematic use of FIB-4 for the assessment of liver fibrosis in HCV-infected patients and the identification of those who should be given higher treatment priority in resource limited settings [16] .
Based on these considerations we analyzed a cohort of HIV-infected HBsAg negative individuals initiating cART, with or without HCV co-infection, in order to assess the predictors of FIB-4 and to evaluate the prognostic value of FIB-4 for major LRE and LRD.
Patients and Methods

Patients, FIB-4 index and definition of events
We selected patients from the ICONA cohort, an Italian, national multicenter prospective cohort enrolling adult HIV-infected individuals naïve for antiretroviral therapy [17] . Selection criteria for patients to be included in this study were: to start cART, have an available HCV antibody result, to be HBsAg negative and have an available FIB-4 index at cART start and during follow up. FIB-4 index was calculated by the formula:
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The resulting values were employed both as continuous variable and divided in categories as follows: FIB-4 value >3.25 as a proxy for advanced fibrosis, consistent with cirrhosis; FIB-4 value between 1.45 and 3.25 in which fibrosis status is considered as undetermined; FIB-4 value<1.45 considered as mild fibrosis or absence of significant fibrosis and consistent with absence of cirrhosis.
Alcohol use was reported by the patient based on non-structured interview of the treating clinician and was classified as daily alcohol intake, occasional alcohol intake, alcohol intake without specification, no alcohol intake or not recorded.
In patients positive for HCV antibodies, HCV RNA was classified as positive or negative based on last available result. Cases without a recorded HCV RNA test result were recorded as HCV RNA not available.
Treatment for HCV was classified as any case treated with interferon, irrespective of the type and associated drugs. During the study period, interferon-free HCV treatment regimens were not available in Italy for this population.
Major LRE were defined by the presence of variceal or gastrointestinal bleeding, ascites, hepatic encephalopathy, other signs of liver de-compensation including hepato-renal syndrome or by a diagnosis of hepatocellular carcinoma (HCC). Deaths were classified as liverrelated (LRD) when associated to recent major liver events. Both major LRE and LRD were confirmed by onsite monitoring.
All patients enrolled gave written, informed consent to participation in the ICONA Foundation cohort study and the study was approved by each of the Ethics Committees from the sites participating to the ICONA Foundation Study (see the complete list of the Ethics Committees in the supporting information).
Statistical methods
Baseline of the analysis was the date of cART initiation (between April 1, 1997 and October 31, 2013) and patients were followed until the date of occurrence of the first major LRE or LRD. The follow-up was censored at last clinical visit or at death for causes other than those liverrelated or December 31, 2013, whichever occurred first.
Incidence rates were calculated as number of major LRE and LRD divided by person years of follow-up (PYFU).
Multivariable logistic regression with forward stepwise selection was employed to determine the factors associated with baseline FIB-4 >1.45 and >3.25. The models included co-variates showing a significant association (p<0.05) at univariable analysis. Standard survival analysis with Kaplan-Meier curves was used to determine the association of baseline FIB-4, categorized as specified above, with the time to major LRE and LRD. The risk estimates were compared between categories using the log-rank test. Univariable and multivariable Cox regression was also employed to determine the predictors of time to major LRE and LRD. Variables with a p-value <0.05 at the univariable analysis were included in the multivariable model using a stepwise forward selection method. Both, baseline and time-dependent values were employed for HIV RNA and CD4 values as well as for the FIB-4 category. In a separate multivariable model, the predictive value of the change from baseline to current value of FIB-4, as a continuous variable, was also analysed. The accuracy of a baseline FIB-4 >1.45 and >3.25 in predicting LRE/LRD were also tested by using the area under the receiver operating characteristic (AUROC) curves, sensitivity and specificity.
Results
Baseline patients characteristics and factors associated with baseline FIB-4
Three-thousand four-hundred seventy-five patients fulfilled the selection criteria. Their characteristics at cART initiation are summarized in Table 1 . The majority were male and were infected via heterosexual contacts, 23% reported injecting drug use; they had been diagnosed with HIV since a median of 1 year, had a median plasma HIV RNA of 4.9 log 10 copies/mL and CD4 counts of 260 cells/μL. About 17% had a previous AIDS-defining condition and 944 (27.2%) had positive HCV-antibodies. Of these, 484 (51.3%) had a HCV RNA result available with 92.1% showing a detectable viral RNA. While most patients started cART between 1997 and 2000, 34% initiated treatment during the most recent calendar years.
Almost two thirds of patients showed a baseline FIB-4 index <1.45 (consistent with absence of cirrhosis), while 26% had an index between 1.45 and 3.25 (indeterminate) and almost 8% had a FIB-4 > 3.25 (consistent with cirrhosis). As compared to HCV-Ab negative individuals, subjects with a positive HCV serostatus at cART initiation were younger, had more frequently injecting drug use as risk factor, had a longer time since HIV diagnosis, lower HIV RNA and LDL-cholesterol levels and showed higher transaminases, more advanced liver fibrosis based on the FIB-4 index and a higher proportion with recorded daily alcohol intake.
Factors associated with the baseline FIB-4 index > 1.45 and >3.25 are summarized in Table 2 . In multivariable analysis, male gender, HCV-Ab positive status independently from HCV RNA results, a higher baseline HIV RNA, a previous diagnosis of diabetes and daily alcohol intake were all independently predictive of a FIB-4 index >1.45, while MSM as compared to heterosexual contacts and those with higher pre-ART CD4 counts had lower odds of showing an altered FIB-4 at cART initiation. The same factors, except gender and HIV load and with the addition of baseline fatty liver disease and of a longer time from HIV diagnosis were independently associated with a FIB-4 >3.25.
One hundred thirty seven of 944 (14.5%) anti-HCV positive patients were exposed to HCV therapy at any time during the follow up. Of those with a last recorded HCV RNA negative, 8 of 38 (21.1%) were exposed to HCV therapy; of those with last recorded HCV RNA positive, 117 of 446 (26.2%) has been exposed to HCV therapy, while only 12 of 460 (2.6%) without an available HCV RNA result had ever received a treatment for HCV.
Major liver events and liver-related death
After a median follow-up of 4.1 years (IQR 1.5-8.2), resulting in a cumulative 18,662 PYFU, there were 41 first major LRE and LRD with an incidence rate of 2.2 per 1,000 PYFU (95%CI 1.6-3.0). In detail, there were 25 major liver events (15 had ascites, 5 hepatic encephalopathy, 2 gastrointestinal bleeding, 2 HCC and 1 hepato-renal syndrome), and 16 LRD ("related to liver disease" in 9 cases, "due to complication of chronic viral hepatitis-HCV" in 3 cases, and "due to complication of chronic viral hepatitis-HCV with cirrhosis" in 3 cases and "HCV with liver failure" in 1 case). In the subgroup of 2,531 HCV seronegative individuals there were 6 events over 12,770 PYFU, with an incidence rate of 0. 
Predictors of major liver events or liver-related death
The association between baseline FIB-4 index category and time to a major LRE or LRD is illustrated in Fig 1a. There were 6 events over 12,406 PYFU in the FIB-4 index < 1.45 stratum (incidence rate 0.5 per 1000 PYFU; 95% CI 0.2-1.0), 15 events over 4,885 PYFU in the FIB-4 1.45-3.25 stratum (incidence rate 3.1 per 1,000 PYFU; 1.8-5.1) and 20 events over 1,370 PYFU in those with a FIB-4 index >3,25 (incidence rate 14.6 per 1,000 PYFU; 9.4-22.6). The estimated risk of a major LRE/LRD at 5 and 10 years after cART initiation were 7% and 17%, respectively, in patients with baseline FIB-4 >3.25 while it was lower than 1% at both time points in those with a baseline FIB-4 <1.45. The same association is shown for the subgroups of patients with positive HCV antibodies (Fig 1b) and negative HCV antibodies (Fig 1c) . While the association of baseline FIB4 category was evident and significant in the whole population as well as in the HCV-antibody positive subgroup (p<0.001), the HCV-antibody negative subgroup showed a less evident association although statistically significant (p = 0.031), probably due to the small number of events observed in this sub-population. By Univariable Cox regression, factors significantly associated with progression towards major LRE or LRD were injecting drug use, longer time from HIV diagnosis, HCV positive serostatus, baseline and current FIB-4 category, higher score change between current FIB4 and baseline FIB4, alcohol consumption, higher current HIV RNA load and lower current CD4 counts and selected first-line cART types (see Table 3 ). Multivariable analysis (see Table 3 ) adjusting for a number of potential confounders, including HCV serostatus, alcohol use, current CD4 and HIV RNA and type of cART, confirmed that both baseline and current FIB-4 index category were strong, independent predictors of major LRE or LRD. In a separate model adjusted for the same co-variates as in the main model except time-updated FIB-4 category, the change from baseline to timeupdated FIB-4 index, as a continuous co-variate, also showed an independent association with major LRE/LRD (HR per unit higher 1.03, 95% CI 1.01-1.05, p = 0.001). In a further sensitivity analysis, the same multivariable model was employed on the subset of patients (n = 2,922) with >1 year of follow up. index category and the risk of major LRE or LRD did not vary significantly between HCV-antibody positive and negative individuals.
Discussion
In this study we first analyzed the factors associated with altered pre-cART FIB-4, a noninvasive serum marker of liver fibrosis available for virtually all HIV-1 infected patients. In an adjusted analysis we showed that, as expected, HCV-Ab positive serostatus was an independent predictor of altered FIB-4. All categories of HCV RNA (negative, positive, undetermined) resulted independently associated with more advanced FIB-4 index, suggesting that active HCV replication but also co-factors associated with HCV exposure may play a role in determining more advanced liver fibrosis in HIV. The independent association of diabetes mellitus and of fatty liver disease with higher FIB-4 index highlights the role of the metabolic syndrome in the progression of liver fibrosis in this HIV-infected population. Independently from that, daily alcohol intake was also a predictor of more advanced FIB-4, which is in agreement with previous observations establishing a strong link between alcohol use and FIB-4 index, particularly in the setting of HIV/HCV co-infection [18] . In addition to this, HIV-specific markers such as high pre-ART viral load and lower CD4 counts were independently associated with a higher FIB-4 index, suggesting that HIV disease progression may favor the progression of liver fibrosis per se. Interestingly, a gradient of reduced risk of liver fibrosis was observed with increased CD4 counts strata, in particular the lowest risk was observed for patients with CD4 counts higher than 350 cells/microliter. These results confirm and substantiate previous observations suggesting a potential relationship between HIV infection and hepatic fibrosis in vivo [19] and underscore the importance of an early ART initiation, with the additional goal to prevent progression of liver fibrosis, independently from viral hepatitis co-infections.
We then showed that pre-ART FIB-4 index had a strong and independent association with progression to major LRE or LRD. The prognostic value of this marker had been previously established in the HCV-infected population, both mono-infected and co-infected with HIV [14] . Sensitivity, specificity and AUROC of a baseline FIB-4 >3.25 in predicting LRE/LRD were very similar to those previously reported in a cohort of HIV/HCV co-infected patients [15] . Of note, using the baseline FIB-4 >1.45 threshold, the accuracy of the prediction increased, due to a significant increase of sensitivity that occurred however at the price specificity. Here we demonstrate that the association of FIB-4 with LRE/LRD in the HIV-infected population, is independent from HCV co-infection status. In fact, although the association was much stronger in the HIV/HCV co-infected group, there was an association also in HCV seronegative individuals and multivariable analysis confirmed an independent association between baseline FIB-4 and LRE/LRD also after adjusting for HCV infection status. This is in agreement with a previous study showing an association of FIB-4 with the development of HCC in HIVinfected individuals, independently from HCV co-infection [13] . Since in the present study patients with positive HBsAg were excluded from the analysis, and relative hazards were adjusted for alcohol use, we hypothesize that the observed association might due to metabolic disorders causing liver fibrosis and its progression, such as non-alcoholic fatty liver disease (NAFLD) [20] [21] [22] , as well as by other unmeasured variables, such as exogenous toxic causes, or possibly by HIV infection itself [23] . However, we were unable to demonstrate a role of NAFLD in determining LRE/LRD, in part because this cause was presumably underdiagnosed in our cohort (only 23 patients had a baseline diagnosis of fatty liver disease). In addition, despite diabetes was strongly associated with a higher FIB-4 index, it was not associated with progression to LRE/LRD (not shown) and a higher pre-ART glucose level showed a weak association at the univariable but not at the adjusted analysis. In patients with neither HCV infection nor alcohol abuse, the number of LRE/LRD was too small to detect any association (not shown). Moreover, it should be considered that alcohol use was self-reported in this study and, therefore, it could have been underestimated in the analyses. If this was the case, one could expect a more relevant role of alcohol than that already detected in our analyses. An additional finding was the independent association with major LRE and LRD shown by the change from baseline to current FIB-4 as well as by the time-updated FIB-4 index category. Interestingly, this was not only independent from HCV serostatus but also from baseline FIB-4. This is in agreement with similar observations made in the HCV-monoinfected population [6] . Previous studies have related the evolution of FIB-4 in HIV-monoinfected individuals to uncontrolled HIV viral load and low pre-cART CD4 counts as well as to the use of ddX drugs [23] and in patients with HIV and hepatitis virus coinfections, modification in the fibrosis score was associated with all-cause mortality [24] . Importantly, in our analysis we found no interaction between baseline FIB-4 index category and HCV-antibody status in predicting the progression to major LRE/LRD. These findings suggest the requirement of a monitoring of this serum marker over time in the HIV-infected population, independently from HCV serostatus. Altogether these observations on the prognostic value of baseline and time-updated FIB-4 in HIV suggest that this as a relevant marker that can be employed for prospective interventional studies both in the HCV co-infected population, where it might be used to prioritize the newer treatment options with directly acting antivirals, as well as in the HCV negatives where it might be used for other specific interventions aimed at reducing the risk of fibrosis evolution, by acting on modifiable factors such as the control of diabetes and, in particular, stopping alcohol use and increasing the CD4 counts, which may best be obtained by an early ART initiation [23, 25] .
This study has several limitations. First, HCV RNA measurement was available in only part of the HCV-Ab positive patients. Hence, the effect of active HCV replication was documented only for one half of the HCV-exposed population, which reduced our power to detect the role of active HCV replication in inducing progression of liver disease. However, since 92% of those who were HCV seropositive and were tested had a detectable HCV viral load, it is likely that our results are sufficiently robust, as indicated by the similar hazard ratio of LRE/LRD for both groups of HCV RNA positive patients and those without available HCV RNA. Moreover, the role of HCV treatment could not be established, since, as in other cohort studies [26, 27] , the proportion of treated patients was limited, it was based on interferon plus ribavirin in most cases (not shown), and the expected success rate was poor. The smallest rate of exposure to HCV therapy observed in the group of anti-HCV positive subjects without an HCV RNA documentation suggests that this category of individuals may represent a subset that, for different reasons, including epidemiological factors or co-morbidities, were rarely deemed to be candidate to interferon-based HCV treatment. The same factors may be an explanation for the higher rates of major LRE/LRD observed in this category as compared to those with a documented positive HCV RNA. In particular, during the initial years of antiretroviral treatment the clinicians were more concerned about HIV progression than HCV co-infection; further, anti HCV drugs, in particular interferon, were not indicated in patients with low CD4 counts and this could explain the low number of treated individuals.
Another limitation of this study is the lack of a structured measurement of patients alcohol intake at the source level, which did not allow a more refined exploration of its role in the progression of liver fibrosis and in influencing liver disease outcome, although a structured reporting by the provider allowed some level of insight into alcohol use in our population. In addition, the diagnosis of fatty liver disease was not collected in a standardized fashion and was therefore largely underestimated in the cohort. Lastly, we could not estimate the Child-Pugh and Meld score for patients with cirrhosis; however, our study relied on hard liver-related events and liver-related death episodes, similarly as several other cohort studies.
In conclusion, our study shows that in a cohort of HIV-positive individuals, FIB-4 at cART initiation and its modification thereafter are risk factors for major liver events or liver-associated death, independently of infection with HCV. FIB-4 index represents a relevant marker for monitoring HIV-infected individuals and may be used to prioritize treatment of HCV in this population.
